Voltage-operated potassium currents in the somatic membrane of rat dorsal root ganglion neurons: ontogenetic aspects.
Whole-cell transmembrane potassium currents were studied in somatic membrane of freshly isolated rat dorsal root ganglion neurons. We defined three types of potassium currents, which were separated on the basis of their different potential dependence of activation and sensitivity to external tetraethylammonium and 4-aminopyridine. The potential dependence of kinetic and steady-state properties of a fast inactivating potassium current, a slow inactivating potassium current and a non-inactivating delayed rectifier current were described by the Hodgkin-Huxley equations. A transient fast inactivating potassium current was activated at the most negative membrane potentials and was not reduced in the presence of 10 mM tetraethylammonium in the external solution. 4-Aminopyridine (2 mM) caused an 80% inhibition of this current. The activation of the fast inactivating potassium current was properly described by fitting a single exponent raised to the fourth power. The time constant of activation changed from 4 to 1 ms in the voltage range between -30 and +40 mV. The time constant of inactivation decreased from 35 to 15 ms over the same range of potentials. Parameters for the fit of a Boltzmann equation to mean values for steady-state activation were V1/2=-20mV, k=11.8mV, and for steady-state inactivation V1/2= -85 mV, k=-9.8 mV. A transient slow inactivating potassium current had an activation threshold between -40 and -30 mV. At 2 mM 4-aminopyridine, the depression of the slow potassium current was 55%. The extracellular application of 10 mM tetraethylammonium was less effective and evoked a 40% reduction. The activation of the slow inactivating potassium current was also described by a single exponential function raised to the fourth power. The time constant of activation decreased from 12 ms at a membrane potential of -10 mV to 4 ms at the potential of 60 mV. The inactivation of slow inactivating potassium current was described by two exponents. The time constant for the fast exponent ranged from 300 ms at -20 mV to 160 ms at +60 mV. The slower exponent was also potential dependent and its time constant ranged from approximately 2600 to 1600 ms over the same potentials. Parameters for the Boltzmann equation fittings to mean values were V1/2= -12.8 mV, k=13.4 mV and V1/2= -54.6 mV, k= -12 mV for steady-state activation and inactivation, respectively. A non-inactivating delayed rectifier potassium current was activated at the most positive membrane potentials. This non-inactivating current did not change in the presence of 4-aminopyridine. Extracellular tetraethylammonium (10 mM) caused a 70% reduction of this current. The activation of the non-inactivating potassium current was described by one exponent raised to the fourth power. The time constant for activation ranged from 85 ms at -5 mV to 30 ms at 45 mV. No time-dependent inactivation was observed during 15-s testing potentials in the voltage range between 10 and +60 mV. The activation behavior was characterized by V1/2=15.3 mV, k=12.5 mV. The densities of these potassium currents were studied for three groups of animals: one, five to six and 14-15 days of postnatal development. Fifty cells were examined in each age group. All three types of potassium currents were found in each investigated neuron. The mean densities of slow and fast inactivating potassium currents increased during ontogenetic development. The densities of non-inactivating delayed rectifier potassium current decreased in the first week of ontogenetic development and did not change thereafter.